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AN  ECONOMIC ANALYSIS OF AIR POLLUTION AND 
HEALTH: THE CASE OF ST. LOUIS 
Shelby  Gerking  and  Linda  R. Stanley* 
Abstract-A  health-oriented choice model is developed in which 
individuals are viewed as producers of health and good health 
is  desired  for  both  consumption  and  investment  purposes. 
Individuals  are  able  to  adjust their consumption  of  medical 
care  in  order  to  defend  against reductions in  air quality. A 
compensating  variation  type marginal willingness to  pay  ex- 
pression  is derived for improved air quality and the model is 
tested using cross-sectional data on employed adult residents of 
St.  Louis,  Missouri.  Estimates of  marginal willingness to pay 
for  the  "average"  employed  person  are  derived  for  a  30% 
reduction in ozone.  These values range from $18.45 to $24.48 
per year. 
I.  Introduction 
ONE  cornerstone  of the Clean  Air Act and its 
subsequent  amendments  is that  improved  air 
quality leads to better human  health. This policy 
link has inspired a  considerable  volume of  re- 
search,  including  the pioneering  work  of Lave  and 
Seskin  (1973, 1977),  aimed  at  measuring the 
strength  of  association between measures of 
mortality and morbidity and specific air pollu- 
tants. The overwhelming  majority  of the empirical 
results  obtained,  however,  are  not based  on models 
of consumer  choice.'  As a consequence,  the dollar 
value of health benefits  stemming  from improved 
air quality generally  are estimated  on an ad hoc 
basis and are therefore  difficult  to interpret.  More- 
over,  the absence  of a theoretically  justifiable  health 
benefits estimation  method  recently  has become  a 
more serious  policy problem  in light of Executive 
Order  No. 12291, issued by President  Reagan  on 
February 17,  1981. This order directs federal 
agencies  in the executive  branch  to assess  both the 
costs and  benefits  of all  proposed  and  final  "major" 
rules  and regulations. 
This paper presents  and empirically  estimates  a 
simple model from which an intuitively  appealing 
measure  of health benefits  can be derived.  In this 
model, individuals produce health capital in  a 
utility maximizing  framework  and are able to ad- 
just their behavior  in order to defend against  re- 
ductions in air quality.  Those adjustments,  which 
involve substituting  medical  care or other health 
producing  activities  for reduced  air quality,  form 
the basis for the method  used in making  the ben- 
efit or willingness  to pay calculations.  This method 
is  empirically implemented  using cross-sectional 
survey data on adult workers  drawn  from house- 
holds in St. Louis, Missouri.  From  a policy stand- 
point, the empirical  results  are of interest  because 
they support  the notion  that  individuals  are  willing 
to pay for better health  resulting  from air quality 
improvements.  In particular,  illustrative  estimates 
are presented  showing  that St. Louis  workers  may 
bid as much as $24.48  annually  in order  to enjoy  a 
30%  reduction  in outdoor  ozone exposures. 
The remainder  of this paper  is divided  into four 
sections.  Section  II describes  the health  model  and 
the method derived for estimating  willingness  to 
pay for improved  air quality.  Section III outlines 
the empirical estimation  strategy  used, discusses 
certain features  of the data, and presents  the em- 
pirical results. Implications  and conclusions  are 
drawn  out in section  IV. 
II.  A Simple  Health  Model 
The model to be applied  has close parallels  with 
the work of  Grossman (1972), Cropper  (1981), 
Rosenzweig and Schultz (1982) and Harrington 
and Portney (1982). As  shown in equation (1), 
individuals  derive  utility  from the consumption  of 
two classes of goods: (1) their  own stock  of health 
capital (H)  and (2) goods that yield direct satis- 
faction, but do not affect  health  (X). 
U-U(  X, H)).  (1) 
The stock of health capital is determined  by the 
production  function 
TT  =T H(M  a,  8)  (2) 
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where M denotes medical care (from which the 
individual  derives  no direct  utility), a denotes  air 
quality, and 8  denotes a set of other exogenous 
variables,  such as education,  that affect H (HM > 
0,  HA > 0,  H6  <  0). Utility is maximized subject 
to equation (2) and the full income budget con- 
straint  shown in equation  (3): 
Xqx  +  Mqm  +  WTL=  WT+  A  (3) 
where qi =  (Pi +  WT1),  i =  X, M. Pi is the money 
price of commodity  i, W is the wage  rate, Ti  is the 
time required  to consume  one unit of commodity 
i,  TL is the time lost from  market  and nonmarket 
activities due to illness, and A is an exogenously 
determined  amount  of asset income. TL is related 
to the health stock according  to 
TL=  G(H)  (4) 
where GH <  0. 
This model can be  manipulated  in  order to 
derive  a compensating  variation  (CV) type expres- 
sion for the marginal  willingness  to pay for im- 
proved air quality.2  Totally  differentiate  the utility 
function and set dU =  0 as shown in equation (5), 
dU =  0 =  Ux dX +  UHHM  dM 
+  UHHada +  UHH,d3.  (5) 
Then, totally differentiate  the full income budget 
constraint,  as shown in equation  (6), holding dqi 
=  dW =  dT =  0 for i =  X, M. 
d(WT) =  0 =  qxdX +  (qm  +  WGHHM)  dM 
-dA  +  WGHHada 
+ WGHH8  dA.  (6) 
Using the first  order  conditions  from  the model, 
Ux-X  =0  (7) 
UHHM -  X(qm  +  WGHHM)  =0,  (8) 
equation  (5) can be solved  for dX and substituted 
into equation  (6) to yield 
dA/da  =  -HcqM/HM.  (9) 
Six features  of equation  (9) and the underlying 
model warrant  further  comment.  First, this equa- 
tion indicates that the individual  is willing  to pay 
more (i.e., give up more asset income)  for a given 
air quality  improvement,  the greater  the associated 
improvement  in health. Also, that bid is higher, 
the lower the productivity  of medical  services  and 
the higher  their  cost. Therefore,  if medical  services 
are an expensive  but ineffective  means  of improv- 
ing health,  the individual  is willing  to pay more  for 
increased  air quality.  Second,  equation  (9) is rela- 
tively straightforward  to  implement empirically 
since utility terms  have  been eliminated.  Third,  the 
expression  for dA/da  involves  partial  derivatives 
of  the  health production function rather than 
parameters  from  a  reduced  form  "dose- 
response"  model. A key difference  between  these 
two approaches  lies in the treatment  of M. The 
present model treats M as a choice  variable  while 
in the "dose-response"  approach,  H is specified  as 
a function of a variety  of variables  (possibly  in- 
cluding medical care, air quality, socioeconomic, 
and  demographic measures), all  of  which are 
treated  as exogenous.  This distinction  is important 
since most previous estimates  of benefits of im- 
proved  air  quality are  based  on  the  "dose- 
response"  approach.3 
Fourth, equation (9) should be interpreted  as 
the marginal bid to avoid the illness effects of 
reduced  air quality  in a one-period,  perfectly  cer- 
tain world. Epidemiological  evidence  suggests  that 
air pollutants can initiate and/or  exacerbate  a 
wide  range  of  respiratory illnesses including 
chronic  bronchitis,  emphysema,  asthma,  and  possi- 
bly lung cancer, which medical  care can at least 
partially ameliorate.  However,  a bid to avoid ill- 
ness alone may not include  the willingness  to pay 
to avoid minor symptomatic  discomforts  of pollu- 
tion exposure such as watering  eyes, chest pain, 
and general  malaise.  Equation  (9), may, therefore, 
understate the total health related bid for im- 
proved air quality.  Additionally,  a different  margi- 
nal bid may emerge  from a multiperiod  model in 
which health  outcomes  are treated  as probabilistic. 
A multiperiod  framework  would allow for a more 
complete description  of air pollution's  long-term 
or  cumulative physiological damage and prob- 
abilistic  outcomes  would capture  the scientific  un- 
certainties concerning the  exact health conse- 
quences of  air pollution. Nevertheless,  the main 
ideas reflected in  equation (9)  almost certainly  2 The CV method usually is defined in terms of the maximum 
amount of income that an individual would forgo or require in 
order to consume at a new set of relative prices, holding utility 
constant.  The comparative static properties of  the model pre- 
sented,  however,  reveal  that  a  change  in  air  quality  (a)  is 
equivalent to a change in the ratio qmlqx. 
3 Examples of the dose-response approach to estimating ben- 
efits  of  reduced morbidity include Ostro (1983), Portney and 
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would  be  included  in  the  marginal bid  derived 
from a richer formulation of the model. Moreover, 
more  complex  versions of  the model  may prove 
difficult to  test  in  light of  the shortage of  micro 
data sets containing detailed health and economic 
information... 
Fifth,  if  attention  is  restricted to  one  period 
models  with  perfect  certainty,  there  are  several 
variants of the model presented that yield a margi- 
nal bid expression identical to equation (9). As one 
example, the existing model could be expanded to 
include  a  good  Y,  representing lifestyle  factors 
including cigarette smoking, alcohol consumption, 
diet,  or exercise, which directly affect both utility 
and  health.  As  a  second  example,  an  exposure 
function  of  the  form:  a* =  a*(V, a)  could  be 
added  to  the existing model. The variable a  still 
denotes  ambient  air  quality  levels,  a*  denotes 
actual exposure levels, and V denotes the quantity 
of  an  averting  activity  (i.e.,  leaving  town  on 
weekends  when  air quality is poor) that has  full 
price  qv.'  One consequence of incorporating this 
equation into the model is to make a* an endoge- 
nous variable. In both of these examples, however, 
equation  (9)  still  contains  the  marginal bid  to 
avoid  ambient  air  quality  reductions.  The  rea- 
soning here lies in the model's optimization frame- 
work in which marginal conditions are equated.5 
Sixth,  the  marginal  air  quality  bid  shown  in 
equation  (9)  can  be  compared  to  the  bid  that 
would result if health was treated as a pure invest- 
ment  commodity,  i.e., if  H  was eliminated from 
the utility function. In that event, the bid would be 
WGHHa,  which  simply  values  the  reduction  in 
time  lost  from  market and  nonmarket activities 
caused  by  the improvement in  air quality at  the 
wage rate. This bid is similar to the damage func- 
tion approach used by Lave and Seskin (1977) and 
is smaller than the marginal bid shown in equation 
(9).  That  result  concerning the  size  of  the  bids 
should  be  expected  since  the  model  underlying 
equation  (9)  treats health  as  a  commodity  with 
both consumption and investment attributes. 
III.  Empirical Estimates of Willingness to Pay 
This section presents empirical estimates of will- 
ingness  to  pay  for  improved  air  quality  in  St. 
Louis. As shown in equation (9), the magnitude of 
the willingness to pay term hinges critically on the 
estimation of  the health production function. The 
approach taken to estimate this function is consid- 
ered in part A. Part B highlights certain features of 
the  data  and  part C presents the empirical esti- 
mates. 
A.  Estimation Approach 
In estimating the health production function, H 
is  treated  as  a  multidimensional, rather than  a 
unidimensional  variable. More specifically, the St. 
Louis  health  survey contains three types of  vari- 
ables measuring H  for adults. These variables are 
defined as: (1)  subjectively reported health status 
(whether  health  is  considered  EXCELLENT, 
GOOD,  FAIR,  POOR),  (2) existence of  chronic 
illnesses (CHRO),  and (3) years of suffering from 
those  chronic conditions (LENGTH).  Taken sep- 
arately,  each  of  these  variables may  measure a 
different dimension of the health stock. For exam- 
ple,  the  Pearson correlation between  POOR  and 
CHRO  is  0.325.  CHRO  may  measure  the  ex- 
istence  of  health  conditions  that  show  up  in  a 
clinical setting while POOR may measure how the 
respondent  "feels."  In  any  case,  the  perspective 
that the health stock is better treated as a multidi- 
mensional,  rather than a unidimensional, variable 
underlies the approach taken to estimate dA/da. 
This  approach can be illustrated by expressing 
equation (2) as 
F(H,  M;,a)  = 0.  (10) 
Assuming that the conditions of the implicit func- 
tion theorem hold, i.e., that (1) the function F  has 
continuous partial derivatives FH,  FM,  Fa, and  Fs 
and (2)  FM  A 0; equation (10) can be rewritten as 
M =  M(H;  a,  8).  (11) 
This  alternative  specification  of  the  production 
function has three features that are worth elaborat- 
ing.  First, in the empirical work described below, 
it  allows  for  the possibility  that  H  may be  best 
measured as a set of health indicators rather than 
as  a single variable since H  now  appears on  the 
' Residential  relocation represents ainother means by  which 
air pollution exposure may be altered. However, relocation also 
may result in money price and wage changes and therefore may 
not be a good example of the V commodity. 
5Even  though  the marginal bid expressions are unchanged, 
the econometric estimation strategy would have to be altered in 
order to reflect the changes in model specification. 118  THE REVIEW OF ECONOMICS AND  STATISTICS 
right  hand side.6  Second, 
Ma=  (FO/FM)  -(Fa,/FH)(FH/FM) 
-  -Hl/HM. 
Therefore,  in order  to obtain  the marginal  willing- 
ness to pay,  9A/da,  from  equation  (11), Ma need 
only be multiplied  by qm,  the full price  of medical 
care. Third, in the subsequent  empirical  analysis, 
equation  (11) is overidentified  by exclusion  restric- 
tions since one jointly dependent  variable  appears 
as a regressor  and three  predetermined  variables, 
qm,  W, and A, have been excluded.7 
B.  Sample Characteristics 
The St. Louis survey,  which  was conducted  over 
the period 1977-1980, provides information  on 
the health,  activity  patterns,  and lifestyles  of mem- 
bers of 2,594 households.  For those households, 
the 2,197 individuals whose major activity was 
recorded as employed were used in  this study. 
Non-workers  were excluded  because  no wage  data 
were available to  assess their value of  time, a 
necessary  ingredient  in computing  the full prices. 
The variables  used in the empirical  analysis  can 
be divided into six categories  measuring:  (1) air 
quality, (2) consumption  of medical services,  (3) 
the price  of medical  services,  (4) the wage  rate  and 
asset income, (5) socio-demographic  characteris- 
tics,  and (6)  health stock measures  (previously 
discussed). Each of  these measures  now will be 
considered. 
With regard to  the first category, air quality 
data are available from four sources for the St. 
Louis area: (1) the Regional  Air Pollution  Study 
(RAPS) (Strothman  et al., 1979),  (2) the county  of 
St. Louis, (3) the city of St. Louis, and (4) the 
Illinois Environmental  Protection  Agency.  The  last 
three  sources  maintained  air  monitoring  systems  in 
the St. Louis area over the entire decade of the 
1970s, while the RAPS  air monitoring  system  only 
operated  between  1974  and 1977.  However,  the air 
quality data obtained from the RAPS were of 
substantially  better  quality  as compared  with those 
from the other three monitoring  systems.8  As a 
consequence,  they  are  used  exclusively  in this  study 
in  spite of  the fact that they pertain to a time 
period  earlier  than the health  survey  data. 
Data from 19 RAPS air monitoring  stations  are 
used in the estimations.  Averages  over the period 
1975-77 were computed  for each station for the 
following pollutants: (1) ozone (OZ), (2) sulfur 
dioxide (SULD),  (3)  total inhalable suspended 
particulates (TSP),  and (4)  oxides of  nitrogen 
(OXNIT). Those exposure  estimates  were  matched 
to the individuals  in the health  survey  according  to 
which station was closest to  their residence.  If 
these average exposure measures  are "typical," 
then they can be used as a measure  of air quality 
for the time in which  the health  survey  took  place.9 
The  measure of  medical care  consumption 
(MED) comes from a yes/no question  asking  if a 
doctor usually  was seen at least once per year.  The 
measure  was chosen since it indicates  whether  the 
respondent  has received  regular  medical  attention 
over time. That historical  perspective  is relevant 
since the air quality data are taken from a time 
period  preceding the  health survey. However, 
MED should be viewed only as a proxy for the 
continuous  variable  M in the theoretical  model. 
The price of medical care (PMED) was con- 
structed  to take into account  direct  dollar  outlays 
for medical care, the time cost involved  in com- 
muting to and from the source of medical care, 
and the waiting  time at the source  of medical  care. 
Direct dollar  outlays  were  measured  as the doctor's 
usual charge  for an office  visit and time  was valued 
using the wage rate. Thus, PMED = office visit 
charge +  [WAGE x  (commuting time +  office 
waiting  time)] where commuting time + office 
waiting time are measured  in hours. 
The wage rate (WAGE)  is defined  as take  home 
pay divided by average  weekly hours computed 
over an eight week survey  period.  Unfortunately, 
6 Another  approach might involve estimating separate equa- 
tions for each health dimension measured. Any computation of 
total willingness to pay based on this approach, however, would 
have to allow for double counting benefits. 
7  Two other exogenous variables are excluded from the entire 
empirical  model.  T  is excluded on  the grounds that it is  the 
same  for  all  sample  members. The variable  qx  can  also  be 
excluded  as  the  variation in  qx  will  be  proportional to  the 
variation in the wage rate (assuming Tx and  Px  are constant 
across all individuals). 
8 This point is discussed more fully in Gerking, Stanley, and 
Weirick (1983). See chapter 5. 
9 Even though the aerometric data pertain to one metropoli- 
tan area for one time period, there is still considerable variation 
in the pollution  measures between the 19 monitoring stations. 
Mean  values for the four pollutants had the following ranges 
and standard deviations: (1) OZ (.015 ppm -  .025 ppm, .0019 
ppm),  (2)  SULD  (.012  ppm -  .034  ppm,  .0088  ppm),  (3) 
OXNIT  (.019  ppm -  .059  ppm,  .0095  ppm),  and  (4)  TSP 
(21.84  mg/mr3  -  27.56 mg/rm ,  1.331 mg/mr3). AIR POLLUTION AND  HEALTH  119 
data on take home pay were  missing  for 1,373 out 
of 2,197 workers.  This situation  resulted  in giving 
separate  consideration  to a 2,197 worker  data set 
and  a  2,197  -  1,373 =  824 worker data  set.  Re- 
sults based on 824 observations  are  presented  here, 
even though this culling  of the original  data may 
produce a selection bias problem.  Results based 
on the 2,197 observation  data set, which do not 
differ greatly from those in the smaller  data set, 
are available  from the authors  on request.10  Asset 
income (A)  is defined as total family combined 
income multiplied  by the portion  of total income 
that comes from interest,  dividends,  rent, estates, 
trusts,  or capital gains.  Since  information  on these 
two variables was provided categorically  (under 
$2000, $2000 to $2999, $3000 to $5999, etc. and 
less than 2%,  2%  to 10%,  etc.), the midpoint  value 
of the category  chosen was used in the computa- 
tion. Finally, the variables  in 8 are: (1) years of 
age (AGE), (2) years of formal education  com- 
pleted (SCHOOL),  (3) RACE, and (4) SEX. 
C.  Empirical Results 
In this part, estimates  of the willingness  to pay 
for improved air quality are presented  based on 
the 824 person sample  of St. Louis adult  workers. 
The basic equation  to be estimated  is 
MED1 =  MED(OZI,  SULD1,,  TSPi, OXNITi, 
AGEi, SCHOOLi, SEXi, 
RACE0, CHROi, LENGTH)*  (12) 
In equation  (12), the aerometric  variables  measure 
air pollution rather than air quality. Hence, ex- 
pected signs on the coefficients  of these variables 
are positive,  implying  that they  must  be multiplied 
by minus  one in computing  AA/da. Moreover,  the 
expected signs of CHROi  and LENGTHi  should 
be negative since increases  in these variables  are 
associated with decreases  in  the health stock." 
The expected signs on the four socioeconomic- 
demographic variables are as  follows: (1)  the 
coefficient  of AGE would be positive  if the aging 
process  reduces  the efficiency  with  which  the health 
stock is produced,  (2) the coefficient  of SCHOOL 
would be negative if years of schooling  increase 
the efficiency  with which health is produced  and 
(3) the coefficients  of SEX and RACE should  be 
positive if males and blacks tend to have lower 
health  stocks. 
Equation  (12) initially  was specified  as a trans- 
log  function (Christensen,  Jorgenson,  and Lau, 
1971). That general  functional  form,  however,  was 
discarded  in favor of the more restrictive  Cobb- 
Douglas because all of the quadratic  and interac- 
tion  terms were statistically  insignificant  at  the 
10% level. Additionally,  because of  the discrete 
nature of the dependent  variable,  MEDi, and the 
inclusion of the health  stock (a choice  variable)  as 
a covariate,  a simultaneous  logit model  was devel- 
oped. Predicted  values  for CHRO  and LENGTH, 
denoted by "^", were obtained from reduced form 
regressions  that  use  PMEDi,  WAGEi,  SEXi, 
RACE1, AGE1, SCHOOLi  and  the air pollution 
variables  as covariates.  The reduced  form  equation 
for CHRO is estimated  in a logit framework  and 
the corresponding  equation  for LENGTH  is esti- 
mated as a tobit. The frequency  distribution  of the 
LENGTH  variable is  characterized  by  a  large 
number  of zeros (more  than half of the values  are 
zero) and then integer  values  ranging  as high  as 27. 
From an econometric  viewpoint, the simulta- 
neous system described  above  is atypical  since the 
dependent variables either are discrete or trun- 
cated. Nelson and Olson (1978), however, have 
shown that  the  procedure  used here produces 
estimated coefficients  which are consistent and 
asymptotically  normally  distributed.  Furthermore, 
on the basis of a small sample  simulation  experi- 
ment, those authors  conclude  that  tests  for whether 
those coefficients are statistically  significant  are 
conservative. 
Estimates of  six variants  of equation (12) are 
presented  in table 1. The first  column  of this table 
shows the explanatory  variables  used  and the  prefix 
LN  denotes those transformed  to  natural loga- 
rithms. As  shown, the explanatory  variables  in 
some equations  included  interactions  between  OZ 
and  SULD  (OZSULD)  and  OZ  and  OXNIT 
(OZOXNIT). These  interaction  variables  were in- 
cluded to detect synergistic  effects  between  ozone 
and  other  pollutants. t-statistics are  given in 
parentheses  beneath  each coefficient  estimate.  Be- 
low each equation  is a x2 statistic  used to test the 
10 Also available on request are results from both data sets in 
which  the health production function is estimated in a single 
equation framework. In these sets of results, willingness to pay 
to  avoid  ozone  is  up  to 50% lower than the figures reported 
here. 
'1 Preliminary estimates using the subjectively reported health 
status  variable produced results similar to  those presented in 
this subsection;  hence this variable was dropped from further 
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TABLE 1.-ESTIMATES  OF THE  HEALTH  PRODUCTION  FUNCTION 
(824 CASES) 
CONSTANT  60.42d  57.26d  54.06d  57.45d  54.11d  32.24d 
(3.96)  (3.56)  (3.22)  (3.59)  (3.32)  (3.40) 
LNOZ  10.24d  10.36d  10.04d  10.42d  9.95d  5.40d 
(4.75)  (4.78)  (4.60)  (4.78)  (4.50)  (3.08) 
LNOXNIT  -  0.337 
(-0.652) 
LNSULD  -  0.059 
(-0.255) 
LNTSP  1.01  1.17  1.02  1.07 
(0.600)  (0.715)  (0.604)  (0.632) 
LNOZSULD  0.016  -  0.016 
(0.272)  (-  0.242) 
LNOZOXNIT  0.153  0.169 
LNAGE  _  3.49d  - 3.46d  -(3.53d  -  3.46d  -(3.53d  1.98d 
(-2.86)  (-2.84)  (-2.88)  (-2.84)  (-2.88)  (-3.72) 
LNSCHOOL  -0.164  -0.161  -0.155  -0.160  -0.160  -0.393 
(-  0.331)  (-  0.326)  (-  0.315)  (-  0.325)  (-  0.324)  (-1.11) 
SEX a  _1.93  d  _1.93  d  _1.95d  _ 1.93d  _1.95d  -1.66d 
(-  5.35)  (-5.34)  (-5.38)  (-5.34)  (-5.38)  (-6.68) 
RA CEb  0.653e  0.659e  0.723d  0.659e  0.730d  0.681d 
(2.49)  (2.51)  (2.69)  (2.51)  (2.71)  (2.69) 
LNCHRO  2.01  1.97  2.00  1.97  2.01  0.93le 
(1.17)  (1.15)  (1.17)  (1.15)  (1.17)  (2.37) 
LNLENGTH  1.28  1.29  1.30  1.29  1.31  0.783f 
(1.38)  (1.40)  (1.41)  (1.40)  (1.41)  (1.67) 
x2  (d.f.)  69.63  (7)  70.00 (9)  71.20  (9)  70.00  (9)  71.26  (10) 62.80  (8) 
a I  =  male. 
b  I  = black. 
c1  =  presence  of  one  or more chronic  conditions. 
d Denotes  significance  at 1% level. 
e  Denotes  significance  at 5% level. 
f Denotes  significance  at 10% level. 
null  hypothesis of  no  relationship  between the 
dependent  and all independent  variables. 
With respect to the air pollution  variables,  the 
coefficient  of LNOZ is positive  and significant  at 
the 1%  level in all equations.  Moreover,  the values 
of these coefficients  are stable  regardless  of which 
other air pollution  measures  are  included.  None of 
the other  pollution  variables  were  significantly  dif- 
ferent from zero at the 10% level.12  Using the 
2,197 observation data set, however, OZSULD 
and OZOXNIT were significant  at the 10%  level 
in  some of  the equations  estimated.  The coeffi- 
cients of LNCHRO  and LNLENGTH  also are not 
significantly  different  from  zero  at the 10%  level. 
Among  the  socioeconomic-demographic  vari- 
ables, LNA  GE significantly  entered  each equation 
but with the wrong sign (negative).  That result 
may seem surprising;  however,  in a sample  com- 
posed only of employed  workers,  there  may not be 
sufficient  variation  in years of age to capture  the 
effect of  the variable on  the health stock. The 
coefficient  of LNSCHOOL  always  had the correct 
sign (negative); but was never significant  at the 
10% level. The coefficients  of  SEX and RACE 
indicate  that in the sample  considered  females  and 
blacks tend to have  lower  health  stocks  than  males 
and whites, respectively.  In both sets of regres- 
sions, the coefficients  of  SEX  and  RACE are 
significantly  different  from  zero, and significant  at 
the 1%  or 5%  level. 
With caution, the results from table 1 can be 
used to make some illustrative  willingness  to pay 
estimates for a reduction  in ozone levels. These 
benefit estimates  are offered  advisedly  because  of 
the caveats enumerated  concerning  the model as 
well as the data problems  outlined above. Since 
ozone was the only air quality  variable  that per- 
formed consistently  well, only reductions  in that 
pollutant are used in making the benefit calcu- 
lations. Because  St. Louis  experiences  only a com- 
paratively  small number  of days each year when 
the hourly  average  ozone  level exceeds  the national 
12 This same conclusion  also applies  to regressions  (not re- 
ported) similar to those in table 1 in which each pollution 
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primary and  secondary standards, only  small re- 
ductions  in  ambient concentrations are necessary 
to meet the standard. Therefore, reductions in the 
ozone level of 30% of the mean ozone level (0.019) 
have been used to calculate benefits. 
Illustrative  willingness  to  pay  estimates  are 
calculated based on equations (1) and (5) in table 
1.  For  a  30% reduction in  ambient mean ozone 
concentrations,  the  annual  willingness  to  pay 
estimates  range from $18.45 to  $24.48. Since the 
MED  variable reflects whether a doctor usually is 
seen at least once per year, the willingness to pay 
estimates  are  also  annual figures. Moreover, the 
willingness  to  pay  estimates  reported  are  com- 
puted  using  the  means of  the independent vari- 
ables. The willingness to pay estimates appear to 
be  small.  In  fact,  the highest value placed  on  a 
30% reduction  in  ozone  concentrations  only  is 
about 60% of the average full cost of one doctor's 
visit.  However,  the  contemplated  reductions  in 
mean  ozone  levels  are not large either. As  previ- 
ously indicated, the mean of the variable OZ was 
0.019 ppm, reflecting the fact that ozone levels in 
St. Louis are lower than those found elsewhere in 
the  United  States.  In  the  Los  Angeles  area, for 
example,  average ozone concentrations would ex- 
ceed that figure by a factor of five and peak ozone 
concentrations  can be  as high as 0.35  ppm. Ad- 
ditionally, the willingness to pay estimates account 
only  for  the  effects  of  the  improvement in  air 
quality  on  illness.  A  total benefit estimate might 
also account for reduced materials damage, minor 
symptomatic discomforts, and improved visibility. 
IV.  Conclusion 
This  paper  has presented  a health  oriented  choice 
model for the purpose  of determining  an individ- 
ual's marginal  willingness  to pay for improved  air 
quality. The marginal  willingness  to pay expres- 
sion is quite simple in that it involves only one 
price (that of medical  care)  and two partial  deriva- 
tives from the health production  function (those 
for air pollution  and medical  care).  Moreover,  this 
expression does not involve any utility terms so 
that  empirical estimation of  it  is  relatively 
straightforward.  The willingness  to pay expression 
was estimated  using health and air pollution ex- 
posure data on 824 adult workers  in St. Louis, 
Missouri. These estimates  range from $18.45 to 
$24.48 annually for a 30%  reduction  in ambient 
mean ozone concentrations.  This comparatively 
low figure, which is about 60% of the average full 
or time inclusive cost of one doctor's visit, may be 
due to the low levels of ozone in St. Louis and the 
fact  that estimates consider only illness effects of 
air quality improvements. 
In order to more effectively implement this will- 
ingness  to  pay  measure,  better  data  must  be 
collected.  The  St.  Louis  data  measuring  the 
consumption  of medical care, for example, were a 
weak link in computing the estimates reported. In 
addition, with a more comprehensive data set, the 
theoretical  model  could  be  'extended to  include 
other  inputs  into  the health production function 
and actions taken by individuals to avoid air pol- 
lution exposure. 
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